Aim: To study a correlation between age at the onset and myopic refraction and axial length in patients with idiopathic macular hole and to evaluate a correlation of the size and surgical outcome of macular hole with axial length. Methods: In a prospective clinical study, 94 eyes of 91 patients with stage III and IV idiopathic macular hole were enrolled. A standardised surgical protocol was performed using vitrectomy and gas tamponade. This study evaluated the size of macular hole and the rate of anatomical and functional success of surgery. To assess dimensions of macular hole, confocal laser scanning tomography was employed.
I
n the age related macular holes, vitreoretinal surgical techniques have been used to close macular holes based on theory that the tangentially oriented contraction of the premacular vitreous cortex is involved in the pathogenesis of macular holes. [1] [2] [3] The procedure for repairing a macular hole involves the removal of the premacular cortical vitreous and the performance of intraocular gas tamponade. Theories regarding the mechanisms by which closure of macular hole occurs include the release of vitreous traction and the formation of a glial scar. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Highly myopic individuals are known to be a high risk group for macular holes. The early stages of age related macular holes have been described, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] but it is uncertain whether the degree of myopic refraction may influence the development of macular hole. 11 12 The objective of the present study was to study the effect of myopic refraction on the development of macular hole. We also investigated a relation between refractive error and the size of macular hole, and anatomical and visual improvement of surgery.
MATERIALS AND METHODS

Patients
We studied 94 eyes of 91 Japanese patients with idiopathic full thickness stage III and IV macular holes who had symptoms present for 6 months or shorter and were scheduled to undergo macular hole surgery. Any patient with pre-existing ocular disease (that is, trauma, chronic inflammatory, or neoplastic disorders) or previous surgery were excluded as were those with systemic disorders (diabetes, uncontrolled hypertension) or a known life threatening disease at enrolment into the study. Patients were informed of the purpose of our study and provided written informed consent. Macular holes were diagnosed based on the results of slit lamp biomicroscopy with a precorneal lens, indirect ophthalmoscopy, and fluorescein angiography. A macular hole was defined as a full thickness, sharp-edged retinal defect with an elevated rim and retinal striae in the foveal area with a hyperfluorescent window defect visible on fluorescein angiography.
Evaluation of effects of macular hole surgery All recruited patients were subjected to a detailed ophthalmic examination. Fully corrected visual acuity was measured using the Early Treatment Diabetic Retinopathy Study (ETDRS) chart, and the log of the minimum angle of resolution (logMAR) was calculated and used for all statistical analysis. A pretreatment fluorescein angiogram was obtained within 1 week of commencing surgery. Macular hole surgery was carried out as described below. After treatment the patients were reviewed at 2 weeks, 1, 2, 3, 6, 9, 12 months, and then every 6 months. Visual function was assessed at every visit and angiography scheduled at 1, 2, 3, 6, 12, 18, and 24 month visits. An increase or decrease in best corrected visual acuity (BCVA) was defined as a change of 0.2 or greater of log-MAR BCVA. Safety was evaluated by determining the incidence of treatment related complications and adverse reactions. The patients were regularly questioned and examined for side effects. To detect adverse events, all patients were examined by the same examiner (HK) to avoid interobserver variation.
All patients had idiopathic macular holes classified according to the Gass system as stage II, III, or IV. 1 2 All holes were measured before surgery using the vein at the edge of the optic nerve as a reference of 150 µm. Stage II was defined as less than 400 µm, and stage III as 400 µm or greater with the vitreous attached to the optic nerve. 3 Stage IV was any hole with a pre-existing vitreous separation. 3 The stage was ultimately determined intraoperatively when the presence or absence of vitreous separation could be ascertained.
Surgical procedure
A standard three port pars plana vitrectomy was performed in all patients. [4] [5] [6] [7] [8] [9] [10] We achieved a complete posterior vitreous detachment during pars plana vitrectomy using a soft tipped needle. If epiretinal membranes were present, they were removed with a slightly bent microvitreoretinal blade or a soft tipped needle; their absence was then verified. The edges of the macular hole were approximated as much as possible by gentle manipulation with the soft-tipped needle; the hole was smaller or closed at the end of the procedure. No adjuvant therapy, such as transforming growth factor β and autologous platelet concentrate, was administered to any patients. [13] [14] [15] [16] No internal limiting membrane removal was employed. [17] [18] [19] Sulphur hexafluoride (20%) was used for gas tamponade. Patients remained in the prone position for 10-14 days postoperatively. The macular hole was considered to have closed when the surrounding cuff was flattened and the edge of the hole could not be identified by fundus biomicroscopy.
If the macular hole was not closed in the first operation, perifoveal tissue, especially tissue adhered to the edge of macular hole, was carefully dissected with a bent microvitreoretinal blade or a soft-tipped needle. This tissue was then removed with end gripping forceps. No internal limiting membrane removal was employed. Sulphur hexafluoride (20%) was used for gas tamponade.
Heidelberg retina tomograph measurement
Preoperative imaging was obtained within 1 week before surgery (3.5 (SD 1.6) days). The Heidelberg retina tomograph (Heidelberg Engineering, Heidelberg, Germany), a confocal scanning diode laser (670 nm) retinal tomograph, was used to scan and analyse the macular area. [20] [21] [22] [23] [24] [25] [26] The topographic images are a series of 32 optical images, which are taken along the z axis at height planes of 50-80 µm each over a 2 mm scan depth. Each two dimensional transverse image consists of 256 × 256 pixels scanned along the x and y axes, with a scanning angle of 10-20°. The image acquisition time is 1.6 seconds. The technology of the laser scanner relies on an extremely shallow depth of field and thus the HRT records only the image at the focal plane, disregarding any information outside the focal plane. The resolution is 40 µm along the z axis and 10 µm along the x and y axes, as reported by Menezes and associates. 21 In present study, the scan angle was 10°of the retina; the fovea was the centre of the scanned region. Scanning was performed with a scan depth of 2.0-2.5 mm. All examinations were performed by the same observer. Measurements were repeated five times to confirm reproducibility and to eliminate artefacts. Fluctuations were minimised by using the average of the five values obtained. When repeated measurement were done on the same picture, statistical analysis of the reproducibility of this measuring method showed a high correlation coefficient of 0.995.
We measured Heidelberg retina tomograph parameters of the macular holes, fluid cuff, and retinal striae, including the area of the macular hole, measured in square millimetres; and the volume of the macular holes, measured in cubic millimetres; the mean and maximum depths of the macular holes, measured in millimetres. We also measured the area of cuff and retinal striae, measured in square millimetres.
Statistical analysis
Values are presented as the mean (SD) and as the range, or as the frequencies. This method was chosen as an appropriate way to express the incidence of particular outcomes by broad categories of patients. For all two by two comparisons, the Fisher's exact test was used. Other comparisons of frequency distributions were performed using the χ 2 test for independence. Unless otherwise specified, data were analysed by unpaired, one sided t tests. A level of p <0.05 was accepted as statistically significant.
For the pairing of groups, age, sex, best corrected visual acuity, dimensions of macular hole, and area of cuff and retinal striae at baseline were used for matching. We studied a correlation between the paired observation. If this observation was correlated, the F test was used to study two population variances.
RESULTS
Baseline data are summarised in Table 1 . Ninety four eyes of 91 patients with idiopathic stage III and IV macular hole were enrolled in this study. Seventy seven eyes had stage III macular holes, and 17 eyes had stage IV holes. All eyes were divided into three groups based upon axial length; (1) Table 1) . In all macular holes, duration since the onset decreased in relation to the increase of axial length; this was not statistically significant ( Table 1) .
Dimensions of macular hole
In all macular holes, the mean area of macular hole was 0. Table 3) . The overall success rate and visual improvement in eyes with shorter than 23.0 mm of axial length was lower compared with the other groups; this is not statistically significant.
In stage III macular holes, the rate of overall success was 100.0% ( Table 3 ). The success rate at the first operation was (Table 3 ); no significant difference was found among three groups. One (5.5%) of 18 eyes with 23.0-25.99 mm showed reopening of macular hole 30 months after surgery; the patient underwent reoperation and then the macular hole was closed. None of 20 eyes with 26.0 mm and longer axial length and 56 eyes with shorter than 23.0 mm axial length showed no reopening; there was no significant difference in the incidence of reopening among three groups.
DISCUSSION
We demonstrated a significant correlation of age of the onset with refractive error and axial length in patients with idiopathic stage III and IV macular hole. Age at onset showed a significant decrease in relation to axial length and myopic refraction. Mean age was 52.1 (10.3) years in eyes with severe myopia, 64.5 (8.5) years in eyes with mild and moderate myopia, and 69.8 (5.7) years in eyes with emmetropia and hyperopia. Akiba and we have reported that posterior vitreous detachment developed in the severer myopic eyes at the younger age. 27 28 Eyes with −3 dioptres and −8 dioptres had posterior vitreous detachment 4-5 years and 10-12 years earlier compared to emmetropic eyes, respectively. These results may be consistent with the difference of the age at the onset of macular hole. Before the development of posterior vitreous detachment, lacuna formation, advanced liquefaction, and numerous degenerative opacities are often observed in the vitreous of young highly myopic eyes. These vitreous degenerations may lead to the development of tangential traction of the premacular vitreous cortex and therefore the formation of macular hole. Concentrations of protein, collagen, and hyaluronic acid were considerably lower in the human vitreous of patients with myopia compared with those without myopia. 29 Vitreous body in highly myopic eyes may be affected by the degenerative process than in non-highly myopic eyes. The increased volume of the vitreous cavity in the highly myopic eyes may play a major part in the early development of vitreous degeneration and macular holes.
In stage III macular holes, no significant difference was found in mean area, volume, mean depth, and maximal depth among eyes with high myopia eyes, mild and moderate myopia, and emmetropia. The anatomical success rate and logMAR visual improvement were 100% and −0.575 (0.174) in eyes with high myopia, 100% and −0.536 (0.174) in eyes with mild and moderate myopia, 95% and −0.597 (0.201) in eyes with emmetropia and hyperopia. There was no significant difference in the surgical outcome. These findings support that macular hole in highly myopic eyes may be identical to that in mild and moderate myopic eyes and emmetropic eyes, and that the similar mechanism may cause macular hole in eyes with high myopia, mild and moderate myopia, and emmetropia.
Sulkes et al showed that macular hole surgery resulted in anatomical and visual improvement in severely myopic eyes. 12 The retinal pigment epithelium change characteristic of myopic degeneration limited final visual acuity and hence outcome measures for improvement. In this study, no significant difference was found in anatomical success rate and functional recovery among highly myopic eyes, mild and moderate myopic eyes, and emmetropic eyes. In eyes with high myopia, two eyes (10%) had mild pigment epithelial change and the remaining eyes had no degeneration or atrophy. These findings may encourage ophthalmologists to treat macular hole in highly myopic eyes.
In this study area, volume, and depth of macular hole and area of cuff and retinal striae tended to decrease in relation to myopic refraction in all macular holes. Anatomical and visual outcomes tended to improve in proportion to myopic refraction. The percentage of stage IV macular hole was 7% in eyes with high myopic eyes, 8% in eyes with mild and moderate myopia, 25% in eyes with emmetropia and hyperopia. Duration since the onset decreased in relation to myopic refraction. Macular hole developed in patients with more severe myopia at the younger age, and the younger patients appeared to be aware of visual loss. 
